To determine if mitral valve morphology influences the results of double-balloon catheter balloon valvuloplasty (CBV) for mitral stenosis, two-dimensional echocardiography was performed in 33 patients before CBV. The two-dimensional echocardiographic features of leaflet motion, leaflet thickness, subvalvular disease, and commissural calcium and 14 pre-CBV clinical and hemodynamic variables were then correlated to the immediately post-CBV mitral valve area (MVA). At 3 months after CBV, the two-dimensional echocardiographic features of patients with a 25% or greater decrease in MVA were analyzed to determine whether mitral valve morphology had influenced early results. Leaflet motion had a significant relation with the immediately post-CBR MVA (r=0.67, y=4.5x+0.29, and SEE=0.45). Leaflet thickness had a weak and negative relation (r= -0.48, y= -0.17x+ 2.6, and SEE= 0.53) with the immediately post-CBR MVA. Subvalvular disease and commissural calcium had no significant relation to the immediately post-CBV MVA. When leaflet motion and leaflet thickness were considered as grades of mild, moderate, and severe and assigned a score of 0-2, patients with more severe disease (total score, 3 or 4) had a significantly lower MVA immediately after CBV (1.4+±0.4 cm2) than patients with moderate disease (score, 1-2; MVA, 2.0+0.5 cm2; p<0.05) or mild disease (score, 0; MYA, 2.6+±0.6 cm2; p<0.05). In 96% of patients with a total score of 0-2, the immediately post-CBV MVA was more than 1.4 cm2, whereas only 29% of patients with a total score of 3-4 had an immediately post-CBV MVA of more than 1.4 cm2. Analysis of all two-dimensional echocardiographic features showed that leaflet motion score had the strongest influence on the post-CBV MVA (p<0.001). When all two-dimensional echocardiographic, clinical, and hemodynamic variables were included, leaflet motion, effective balloon dilating area, and cardiac output were the strongest predictors of the immediate post-CBV MYA. No two-dimensional echocardiographic feature predicted patients with an early reduction in MYA at 3 months after CBV. Quantitative assessment of leaflet motion and leaflet thickness by two-dimensional echocardiography is helpful in understanding and predicting the immediate results of double-balloon CBV of mitral stenosis; pre-CBV measurement of leaflet motion and the effective balloon dilating area used in the procedure are the strongest predictors of the MVA obtained by double-balloon CBV. (Circulation 1989;80:515-524) C atheter balloon valvuloplasty (CBV) with apparatus influences the results of the procedure.5-7 the double-balloon technique has been Preliminary data, previously reported by us, sugshown to produce major increases in mitral gest that this is also true for CBV.8 valve area (MVA) and to relieve symptoms in Two-dimensional echocardiographic total scoring patients with severe mitral stenosis.1-4 Previous methods have been proposed for analysis of the experience with surgical mitral commissurotomy mitral valve morphology before CBV.9-1 Such methhas shown that the morphology of the mitral valve ods based on total score for leaflet motion, leaflet From the Section
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Methods

Patient Population
The study consisted of the first 40 consecutive patients with isolated symptomatic mitral stenosis who underwent double-balloon CBVs (a total of 44 CBVs). Four patients had a repeat procedure, and only the procedure with the greatest increase in MVA was used for analysis. In seven patients, data could not be measured after CBV; two patients died during the procedure, one had perforation of the left ventricle, and four patients did not have adequate blood samples obtained to assess the presence of an atrial septal defect. The data in the remaining 33 patients were measured in the spring and summer of 1988; their clinical and pre-CBV hemodynamic characteristics are summarized in Table 1 . All patients gave informed consent to a study protocol approved by our institutional review board. There were 27 women and six men (mean age, 43+15 years; range, 21-73 years). The cardiac rhythm was sinus in 17 and atrial fibrillation in 16 patients. Before CBV, 12 patients (36%) were in New York Heart Association functional Class IV, 18 patients (55%) were in Class III, and three patients (9%) were in Class 11.12
Mitral Valve Morphology
Two-dimensional echocardiography was performed in all patients on the day before cardiac catheterization ( Table 2 ). The two-dimensional echocardiographic images were obtained in all standard views and recorded on videotape for playback analysis. Hardcopy recordings were made of still-frame two-dimensional echocardiographic images to permit measurement of the morphologic variables. The diameter of the mitral valve anulus was measured in the apical four-chamber view of the two-dimensional echocardiogram before CBV. The measurement was made from inner edge to inner edge of the mitral valve anulus. Measurements of two-dimensional echocardiographic features were obtained on three beats in patients in sinus rhythm and five to 10 beats in patients with atrial fibrillation.
The two-dimensional echocardiographic features and quantitative characteristics that were evaluated were developed before initiation of the study, and the subsequent analysis strictly followed these written criteria. The observers making the twodimensional echocardiographic determinations were blinded to the initial clinical and hemodynamic findings as well as the clinical and hemodynamic results of double-balloon CBV. We assessed four features of the mitral valve.
Leaflet motion. To assess leaflet motion, the mitral valve leaflets were imaged in the parasternal long-axis two-dimensional echocardiographic view during maximal doming of the anterior leaflet in early diastole. The extent of doming of the anterior leaflet was quantitated by drawing a line from the junction of the posterior wall of the aortic root and anterior mitral valve to the tip of the mitral valve leaflet. From this line, a perpendicular line was drawn to the leading edge of the maximal dome of the anterior leaflet of the mitral valve. Leaflet motion was expressed as a slope by dividing the height of the dome by the length (Figure 1 ).
In addition to analysis of leaflet motion as a continuous variable, the severity of restriction of leaflet motion was classified into grades of mild, moderate, and severe ( Table 2) .
Leaflet thickness. The thickness of the mitral valve leaflets was quantitated with the same twodimensional echocardiographic image obtained in the parasternal long-axis view for assessment of leaflet motion. The tip of the anterior leaflet of the mitral valve was measured, taking care to exclude the subvalvular apparatus. To minimize the effects of gain settings, the mitral valve thickness was normalized to the posterior wall of the aortic root. 13 Leaflet thickness was then expressed as a ratio by dividing the mitral valve thickness by the posterior wall of the aortic root thickness ( Figure 2 ).
Previous studies by Chandraratna et al13 have shown that the mitral valve thickness ratio in normal subjects is less than 1.4. The severity of the increase in leaflet thickness was classified into three grades-mild, moderate, and severe (Table 2 )-in addition to analyzing it as a continuous variable.
Subvalvular disease. The analysis of the presence and severity of subvalvular disease was assessed by careful visual inspection of the subvalvular apparatus in all echocardiographic views. The chordae tendineae were evaluated for increased thickness. Increased density of the subvalvular apparatus suggestive of fibrosis and calcification was evaluated by comparing the echogenicity of the chordae tendineae and papillary muscles with that of the surrounding endocardium. The severity of subvalvular disease was classified into three grades-absent-mild, moderate, and severe ( Table 2) .
Commissural calcium. The presence of commissural calcium was analyzed in the parasternal shortaxis view by careful scanning of the mitral valve orifice from the level of the aortic root to the tips of the mitral valve leaflets. Calcification in the region of the anterior and posterior commissures was assessed by comparing their echogenicity with that of the body of the mitral valve leaflets, with the surrounding endocardium, and with each other. The severity of commissural calcium was classified into three grades of absent or present in one or both commissures ( Table 2) .
Score A score of 0 was assigned to each grade of mild, 1 to each grade of moderate, and 2 to each grade of severe (Table 2) ; commissural calcium was scored as 0, 1, or 2 based on the number of commissures with calcium.
Reproducibility of Echocardiographic Assessment of Mitral Valve Morphology
The intraobserver reproducibility of each echocardiographic feature was determined by two blinded readings by the same echocardiographer performed several months apart; the echocardiographer was also blinded to the initial clinical and hemodynamic findings as well as the results of the CBV. The correlation coefficients relating the two independent measurements for leaflet motion and leaflet thickness as continuous variables were r=0.95 and r=0.91, respectively. The degree of intraobserver agreement of the grades of leaflet motion (K=0.95), leaflet thickness (K=0.62), subvalvular disease (KC=0.66), and commissural calcium (K=0.78) was significant (p<0.001).
Cardiac Catheterization and Catheter Balloon Valvuloplasty
All patients had complete diagnostic right and left heart catheterization and angiography before CBV. CBV was performed through a transseptal approach with the double-balloon technique for mitral stenosis, which has been previously described.2 MVA was calculated with a standard formula from the simultaneous left atrial and left ventricular pressures and thermodilution or Fick cardiac output. 2 The effective balloon-dilating areas of the two balloons were calculated according to the equation by Yeager.14 The combined diameter of the two balloons was selected to approximate the mitral valve anulus diameter measured by two-dimensional echocardiography. The balloon sizes were preselected to approximate the mitral valve anulus to decrease the FIGURE 2. Echocardiogram of mitral valve leaflet thickness before catheter balloon valvuloplasty. In same twodimensional echocardiographic view as in Figure 1 , thickness ofmitral valve (ME) leaflets at tips andposterior wall ofaorta (PWAo) are measured. Leaflet thickness is expressed as ratio of MV thickness to PWAo (thickness ratio =MV/PWAo). * vp potential for anular rupture by overdilation. Nineteen patients had evidence of a left-to-right shunt at the atrial level with a Qp to Qs ratio of 1.2 or more immediately after CBV (14 patients, Qp/Qs 1.2-1.5; four patients, Qp/Qs 1.6-1.9; and one patient, Qp/ Qs.2.0); in these patients, the Fick cardiac output was used to calculate MVA based on venous samples obtained from the superior and inferior vena cavae.2,8 The mixed venous oxygen content was based on the equation 3 x superior vena cava oxygen content+inferior vena cava oxygen content . 4.15 The hemodynamic characteristics in these patients before the procedure are shown in Table 1 .
Follow-up Evaluation
Cardiac catheterization was repeated at 3 months after CBV in 24 patients. MVA was calculated with simultaneous pulmonary artery wedge and left ventricular pressures and thermodilution cardiac output. At 3 months, 10 patients had an atrial septal defect (six patients, Qp/Qs 1.2-1.5; three patients, Qp/Qs 1.6-1.9; and one patient, Qp/Qs .2.0); the Fick cardiac output was used in these patients to calculate MVA. Clinical evaluation was obtained at 3 months after CBV in 31 patients; one patient had a noncardiac death at 21/2 months after CBV and one patient in Class III underwent mitral valve replacement 1 month after CBV, which resulted in an increase in MVA from 1.2 to 1.4 cm2 without improvement in functional class.
Data Analysis
Results of the MVA are expressed as mean±SD. The results of the grading for the echocardiographic features of subvalvular disease and commissural calcium were related to the MVA obtained by cardiac catheterization immediately after CBV. When analysis of variance revealed a significant difference, a Newman-Keuls multiple-range test was used to determine significant differences in group means. The level of significance was chosen as p<0.05. The degree of agreement between the two independent measurements that were graded as 0, 1, and 2 was determined by K coefficient.16 The degree of agreement for leaflet motion and leaflet thickness as continuous variables was determined by linear regression between the two independent readings.
Linear regression analyses were used to determine the relation between leaflet motion, leaflet thickness, and post-CBV MVA. To determine whether any variable predicted results after CBV, echocardiographic, clinical, and hemodynamic variables were analyzed by multiple regression analyses. The 19 variables selected were age, gender, cardiac rhythm, leaflet motion, leaflet thickness, subvalvular disease, commissural calcium, total twodimensional echocardiographic score, mitral valve anulus diameter, effective balloon dilating area, functional class, and pre-CBV hemodynamic measurements of right atrial pressure, pulmonary artery pressure, pulmonary vascular resistance, pulmonary artery wedge pressure, left atrial pressure, mitral valve gradient, cardiac output, and pre-CBV mitral valve area. Leaflet motion and leaflet thickness were included as both continuous variables and as grades of mild, moderate, and severe. Models were created that included either all variables or selected variables at the onset of analysis. The reported values are the percent variance explained by the model (R2) and variables with a level of significance ofp<0.05. A repeated-measures analysis of variance was used to determine significant differences in group means of the MVA measured before, immediately after, and 3 months after CBV. A reduction in MVA was defined as a 25% or more decrease in MVA from immediately after to 3 months after CBV. A t test was used to determine differences in continuous variables and x2 analysis was used for noncontinuous variables in patients with and without reduction in MVA at 3 months after CBV.
Results
Mitral Valve Morphology
Leaflet motion. The correlation of leaflet motion to the post-CBV MVA is shown in Figure 3 (y=4.5x+0.29, SEE=0.45, and r=0.67). Of five patients with a leaflet motion ratio of 0.25 or less, the post-CBV MVA was 1.4 cm2 or less in four (80%); in only four of 28 patients (15%) with leaflet motion of more than 0.25 was the post-CBV MVA 1.4 cm2 or less. Immediately after CBV, the MVAs of patients with grades of mild, moderate, and severe restriction were significantly different from each other; however, there was considerable overlap of values between the mild and moderate subgroups (Table 3 ). Before CBV, there were no significant differences in the MVA among the three groups.
Leaflet thickness. The correlation of leaflet thickness with the post-CBV MVA is shown in Figure 4 . There was a weak and negative relation (r= -0.48) between leaflet thickness and the final MVA (y=-0.17x+2.6 and SEE=0.53). In four of six patients with a ratio of 5.0 or more, the resultant C MVA was 1.4 cm2 or less. Immediately after CBV, the MVAs of patients with mild and moderate increases in leaflet thickness were more than those with severe increases in leaflet thickness (Table 3) . Before CBV, there were no significant differences in the MVA among the three groups. Subvalvular disease. Immediately after CBV, MVAs in patients with absent-mild, moderate, and severe subvalvular disease were not significantly different (Table 3) .
Commissural calcium. Immediately after CBV, the MVAs in patients with no commissural calcium and calcium present in one or both commissures were not significantly different (Table 3) .
Total Score
Patients with a total score for leaflet motion and leaflet thickness of 0 had a greater MVA immediately after CBV (2.6+0.6 cm2) than patients with a total score of 1-2 (2.0+0.5 cm2; p<0.05) or those with a total score of 3-4 (1.4+0.4 cm2; p<O.05; Figure 5 ). Before CBV, there were no significant differences in the MVA among the three groups. Twenty-five of the 26 patients (96%) with a score of 0-2 had an immediately post-CBV MVA of more than 1.4 cm2, whereas only two of seven (29%) with a score of 3-4 had an immediately post-CBV MVA of more than 1.4 cm2.
Analysis of Predictors of MVA Immediately After CBV
Multiple regression analyses performed on 19 pre-CBV variables showed leaflet motion, effective balloon dilating area, and cardiac output were the most important variables (R2=0.65) that predicted the immediately post-CBV MVA ( Table 4 ). The regression equation was y=3.6xleaflet motion+ 0.05xeffective balloon dilating area+0.24xcardiac output-2.4; leaflet motion was the most significant of these variables (p<0.0001).
When the mitral valve morphology variables were analyzed by multiple regression, leaflet motion score was the most significant predictor of the immediately post-CBV MVA (p=0.0001; Table 4 ). Leaflet motion had a strong but negative correlation with leaflet thickness (r=-0.78) and a weak correlation with subvalvular disease (r= -0.58). When stepwise elimination of the mitral valve morphology and nonhemodynamic variables was performed, leaflet motion and effective balloon dilating area were the two variables with the greatest influence (R2=0.56) on the resultant MVA immediately after CBV (Table 4 ).
Clinical and Hemodynamic Evaluation at 3 Months After CBV
The pre-CBV MVA was 1.0±+0.3 cm2 and increased to 2.0+0.6 cm2 immediately after CBV (p<0.001). At 3 months after CBV, the MVA decreased to 1.8±0.7 cm2 (p<0.05). In eight of the 24 patients, the decrease in MVA was more than 25% of the immediate post-CBV MVA. In two patients, the MVA returned to the pre-CBV MVA. Analysis of all two-dimensional echocardiographic variables showed that there was no relation between pre-CBV assessment of leaflet motion, leaflet thickness, subvalvular disease, or commissural calcium and a reduction in MVA at 3 months.
At 3 months after CBV, functional class was improved in 30 (97%) of the patients. Before CBV, 91% of patients were in Class III or IV. At 3 months after CBV, 20 patients (65%) were in Class I, eight patients (26%) were in Class II, two patients (6%) were in III, and one patient (3%) remained in Class IV.
Discussion
The pathologic processes of rheumatic heart disease produce fusion of the commissures, mitral valve calcification, and fusion and shortening of the chordae tendineae; the combinations of these processes and their severity results in various grades and severity of stenoses of the mitral valve.17 The severity of the fibrosis and calcification of the entire valve apparatus are some of the major determinants in the selection of patients for surgical mitral commissurotomy or valve replacement.518"19 M-mode and twodimensional echocardiography have been shown to be useful in the preoperative assessment of patients undergoing surgical commissurotomy.20-22 Because the mechanism of the increase in MVA by doubleballoon CBV and with surgical commissurotomy has been shown to be similar, namely, splitting of commissures, two-dimensional echocardiography would be expected to be useful in the evaluation of patients before CBV. 8 Mitral valve mobility may be affected by fusion at the commissures, leaflet thickening or calcification, and subvalvular disease. Early experience with surgical mitral commissurotomy showed that heavy calcification that produced an immobile valve resulted in little improvement in the mitral valve gradient.5 The results of our study show that the immediate results of CBV are also related to valve mobility. The degree of leaflet motion measured by two-dimensional echocardiography shows a linear relation with a good correlation with the MVA obtained immediately after CBV (r=0.67). In 80% of patients with a resultant MVA of 1.4 cm2 or less, two-dimensional echocardiography showed a severe restriction in leaflet motion. Previous evaluation of leaflet motion by M-mode echocardiography was made by measurement of the amplitude of the mitral valve opening20; although the M-mode technique identified all studied patients with severe restriction of leaflet motion who required valve replacement, it was less useful in patients with mild or moderate restriction of leaflet motion. The two-dimensional echocardiographic criteria for mitral stenosis is based on doming of the leaflets during diastole. 23 The greatest mobility is present in the midportion of the leaflets; the method we have described was, therefore, designed to quantitate this aspect of leaflet motion.
Increased mitral valve thickness or the presence of calcification limits valve mobility and is associated with less satisfactory immediate results from surgical mitral commissurotomy.518"19'21"22 The presence of calcification determined preoperatively by fluoroscopy in patients having surgical mitral commissurotomy is associated with an inadequate opening of the mitral valve, as judged by the surgeon, in 20% of cases.6 Mitral valve calcification by M-mode echocardiography can only be graded semiquantitatively by the thickness of the diastolic echocardiograms of the mitral valve leaflets.20'24 Twodimensional echocardiography has been shown to be highly sensitive (100%) in grading calcification as absent or present but has a low specificity (65%).25 In these two-dimensional echocardiographic studies, no attempt was made to assess severity of the calcification or to correct for the effect of variable gain settings. To minimize the effects of gain settings, Chandraratna et al'3 obtained a ratio of mitral valve thickness to aortic wall thickness; in a group of normal subjects, the ratio was less than 1.4. We, therefore, used the same method to measure mitral valve thickness in our patients with mitral stenosis. As expected, all our patients with mitral stenosis had an increased ratio. Measurement of leaflet thickness in our study showed that there was a weak but negative influence of leaflet thickness on the results of CBV (r=-0.48). In 67% of patients with the most severe increase of leaflet thickness with a ratio of 5.0 or more, the final MVA obtained with CBV was 1.4 cm2 or less.
Subvalvular disease has been reported to be present in 30-67% of patients undergoing open mitral commissurotomy. [26] [27] [28] [29] Autopsy studies have shown that subvalvular fusion contributes to the mitral stenosis in 39% of patients. 17 Recognition of the presence and severity of subvalvular disease preoperatively is difficult. The two-dimensional echocardiographic appearance of subvalvular disease has been previously described as increased echocardiographic density within the left ventricle and confirmed pathologically.30 Careful scanning of the subvalvular region must be done in multiple echocardiographic views to ensure that all areas are visualized. Quantification of the severity of the fibrosis, calcification, and thickening of the chordae tendineae is much more difficult; therefore, we used only a semiquantitative method. The presence of subvalvular disease of moderate or severe degree in 64% of our patients is similar to that reported in surgical studies. [26] [27] [28] [29] The variability in the reported presence of subvalvular disease in patients with mitral stenosis is probably related to the difficulty in accurately defining its severity. Although there was a trend for patients with the most severe subvalvular disease to have smaller MVAs after CBV, this difference was not significant (p=0.10). The failure to achieve a more clearly defined relation between the severity of subvalvular disease and the results of CBV may be related to the semiquantitative method that was used. An alternative explanation of our results is that subvalvular disease may have a significant influence on results of CBV only in those patients with the most severe subvalvular fusion and thickening. During open mitral commissurotomy, subvalvular fusion can be directly visualized and chordae tendineae and papillary muscles manually separated. CBV more closely resembles closed mitral commissurotomy, which has limited effects on the subvalvular apparatus. Because the primary mechanism by which CBV increases MVA is splitting at the commissures, it might be expected that the presence of calcium in the commissures may prevent an adequate split.8'31-33 However, our data suggest that an adequate increase in MVA after CBV can occur despite calcium present in one or both commissures. In vitro studies with balloon dilation of mitral stenosis have also shown that splitting of the commissures frequently occurs in calcified commissures.33,34 Calcium within the commissures must be distinguished from calcium and increased thickness located within the body of the leaflets and elsewhere in the mitral valve apparatus, which may be of greater importance in influencing the results.
Stepwise elimination by multiple regression analysis showed that the most important factors predicting the resultant MVA were leaflet motion, effective balloon dilating area, and pre-CBV cardiac output. That leaflet motion is the best two-dimensional echocardiographic feature predictive of resultant MVA might be expected because leaflet mobility is affected by increased leaflet thickness and subvalvular disease and shows a significant relation to these variables. Early experience with CBV showed that patients dilated with the double-balloon technique and, thus, with larger effective balloon dilating areas had greater increases in MVA than those patients undergoing single-balloon dilation.35,36 Preliminary data previously reported by our group suggested that the mitral valve anulus diameter also influenced the results of CBV.2 In the present study, only effective balloon dilating area was shown to predict results of post-CBV MVA; however, the two balloons were selected to approximate the anulus diameter.
The mechanism by which the pre-CBV cardiac output favorably influences the resultant MVA after CBV is unclear. Analysis of the results of closed mitral valvotomy has also shown that the presence of a lower cardiac output was associated with less favorable early and long-term results of the procedure.7 It is possible that a lower cardiac output identifies patients with more severe disease who are less likely to improve significantly regardless of the procedure used to relieve the stenosis. That other hemodynamic variables, such as pulmonary vascular resistance and mitral valve gradient, failed to predict the post-CBV results has also been shown for both surgical commissurotomy and CBV. 7, 9, 37, 38 Other studies have reported similar evaluations of mitral valve morphology in patients undergoing CBV for mitral stenosis.9-11 The criteria we have developed differs, however, in that the assessment of leaflet motion and thickness is quantitative. Although the assessment of subvalvular disease and commissural calcium could only be made on a qualitative basis, we have shown that the intraobserver variability is good for each echocardiographic variable. Other methods for analysis of mitral valve morphology have shown that more severe disease by echocardiography was associated with a suboptimal result after CBV defined as a MVA of 1.0 cm2 or less and that less severe disease in a subset of patients with previous commissurotomy resulted in a larger increase in MVA.911 However, the data were a composite of patients who had undergone singleand double-balloon CBV. The results of our data are based on only patients having a double-balloon CBV. Because the doubleballoon technique results in larger increases in the MVA than the single-balloon technique, the combined data will be influenced by the type of procedure.39 Furthermore, the analysis of each individual echocardiographic feature of leaflet motion, thickness, subvalvular disease, and commissural calcium and the influence of each on the results after CBV has not previously been shown. Despite these differences, the studies9-11,39 from that center and ours are complementary and supportive; they show that echocardiographic determination of mitral valve morphology is of value in the assessment and understanding of the results of CBV.
The MVA in our patients showed an immediate increase from 1.0±0.3 to 2.0±0.6 cm2 (p<0.001).
There was a small but significant decrease in the MVA at 3 months to 1.8±0.7 cm2 (p<0.05). In eight of 24 (33%) of the patients, the decrease in MVA was 25% or more of the immediately post-CBV MVA. Analysis of variables used to predict the immediately post-CBV MVA showed that there was no significant correlation between any clinical, two-dimensional echocardiographic, or hemodynamic feature and the reduction in MVA. Despite the reduction in MVA at 3 months, functional class was improved in 97% of patients. Whether this early reduction in MVA will be progressive and result in a decrease in functional class will require longer follow-up studies.
In summary, double-balloon CBV for mitral stenosis results in an immediate increase in MVA and improvement in functional class. Analyses of pre-CBV variables show that leaflet motion by twodimensional echocardiography is the strongest predictor of post-CBV MVA and is influenced by the use of larger effective balloon-dilating areas.
